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Abstract

Low-light imape enhamcement encounters major
challenges. frequently leading to artifacts such az color
distortion and noize amplification Thiz paper presents 5
novel sigmoid-based adaptive approach to address these
limitations. enhancing visibility and quality @ poorly lit
images. Ouor method dynamicatly modifies pixel valoes
using a sigmoid function customized to local imiape
characteristics. This content-aware processing adjusts to
different regions within an image, improvine dynanmic
range while prezerving namral hues. Furthermore, we
utilize a bloclk-bazed algorithm in the H57 coler space to
increaze local contrazt. By operating in H57, we enhance
brichtnezs and contrast without comproousing color
fidelity, a prevalent issue in existing methods. This
approach effectively tackles pon-uniform illumination
generating enhanced images with natnral and realistic
colors. Unlikee previouns methods that often oversatorate or
amplify noise, our adaptive sigmoid fonction offers
balanced enhancement vncovering hidden details while
maintaiming a natural look. Experiments oo the ZOL
dataset showease cor method's superiority over state-of-
the-art techniques. Both qualitative and quantitative
measures: indicate improved shadow detail recovery,
nofze suppression and color preservation. areas where
traditional methods typically fall short

Keywords: block-bazed image enhancement low-licht
images, sigmoid-based image enhancement non-uniform
illomination

1. Imtroduction

Low-light mmape enhancement remain: a cntical
challenge in computer vision with applications such as
autonomous navigation [1] and swrveillance syztems: [2]
to medical imaging [3, 4] and astronomical observation
[5]- Images captured under insufficient illumination often
suffer from poor viztbility, eolor distortion, and amplified
noise, which degrade the performance of computer and
robot vision systems compared to well-lit conditions [6]-
While existing enhancement methods have made
significant progress [ 7], fondamental limitations persist in
balancing detail preservation with noise soppression
acros: diverse fllumination scenarios [E]

Traditional Retinex-based approache: decompose
tmages into reflection and illumination components
throush constramed optirnization [9, 10]. The Multi-Scale
Betinex (MSR) alzorithm lead the direction by applying
(auszzian filters af nmltiple scales to estimate illnmination
but often introduces halo arfifacts near high-contrast
edges doe to improper scale selection [11. 12].

Recently, trailer-based low-lisht image enhancement
approaches exploited the Retinex theary [13-16]. Fusion-
based method for weakly ifllumination imagery (ME)

ed to combine smiti-exposure inpotz throngh
reflection and illumination components [13]. While Low-
light gimage ephancement with Semi-Decoupled
Decomposition (LADDY) method estimated the
illumination component by using a Gaussian Total
Vanation model [14]. The reflection is estimated by
jointhy estimating its input image and the intermediate
illumination It demonstrates chrominance information
Adaptive Logarithmic Retinex (ALR) method wvtilizes a
parametrized logarithmic model to vizeal details of visibie
imagery [15]. Finally, Adaptive Single Low-Light Image
Enhancement (ASLITE) method the logarithmic domain
fractional strefching approach to eshimate the reflectance
component of the image based on the modified Retinex
theory [16]. However, these approaches frequently
amplify noize in dark regions and strogple with color
fidelity preservation parficularly in scemes with non-
woiform illomination

Thiz paper present: & novel low-licht image
enhancement framework addressineg these limitations
through two key innovahions. First, we develop an
adaptne sigmoid-bazed low-light image enhancement
function that dynamically adjust parameters based on the
tlumination of an image. Second, we introduce a block-
baszed image enhancement that enhances local confrast
and prezerve chromatic fidelity.

The remainder of thiz paper details owr technical
detailz in Section 2, computer simmlation validation in
Section 3, and conclides m Section 4.

2. Proposed Method

The proposed method enhances low-light images
nsing a multi-step processing pipeline based on the HEV
color model, sigmeoid-bazed conirast enhancement, and
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adaptive contrast enhancement techniques. The steps
ivobred in the methed are as follows:

ALGORITHM 1: Adaptve Siemoid-based Low-lizht
imazs Enhancement (ASLE)
Iaput: Low-light mage Iffg m RGE format.
Output: Enhanced image Ef_i.'f m RGH format.
R.aa.d the mput low-light imara. FfFf
b3t Jz —HEV(I] ;,;]
Vi el k=3
e %"1
|—smin{ERS

Camputey.'..ur a.'mi Hpzza

FESY
ma::!li

|-I1| ﬂ'_nlcn |
(i)~ SRS, Sl S
lrlu T l-‘—_:::r |
FHIY H51"
Vif = f{m ).
i .I_—_HTI'
Tyl R—
& ma PR |
BT IV o =
vk —_3.
R — RGBT ).

EFZE(6) ~ E(IFEE).

Effy CEin + B (1S -

. ﬁlnll Fpsaw -:PE.F"'_I_

Ere (Lo EN R A5)

max{EFFR L oy EREE s

2.1 Adaptive Sigmoid-Based Image Enhancement

Adeptive Sigmoid-Based Image Enhancement aims to
enhance image guality by dynamieally adjosting pixel
valees through a zigmoid function designed for local
image characteriztics, ensuring consistent oUtcomes
across different lichting conditions. This allows for
comtent-aware processing adaptine differently to various
regions within 3 single image. The primary goals include
enhancing dyvnamic range and revealing detadz m
shadows and highlights without an artificial look
preserving natoral tones, increasing distinction between
features while maintaining image coherence. and
preservinig of enhancing ed,__es h'j, mn.tr{:!lmg the
function's zlope to sharpen boundaries without halo
artifacts. Tt also presents sigmificant challenge: in
parameter selection. as the effectiveness depends heavily
on choosing appropriate valpes for gain offset and
zcaling factors. Researchers have developed various
approaches to automatic parameter estimation uzing
image statistics or machine leaming to predict optimal
valpes, but finding the nght balance between
enhancement strength and nainral appearance remains
challenging.

Alzp, over-enhancement can create 13sues such as halo
effects around high-contrast edges, noise amplification in
uniform  regions, and =n  artificial  appesrance.
Sophisticated control mechanizms are needed to prevent
theze artifacts while achieving meaningfil enhancement
Additional challenge: mclode computational efficiency

for real-time applications and developing objective
quality metrics that correlate with subjectne perception

Applications span pumerous fields meluding medical
imaging, where diagnostic information must be preserved
while improving visibility; zatellite and remote zenzing,
which require enhancement across different scales while
managing  atmospheric  distortion; and  comsumer
photograpkr which mmst balance technical enhancement
with aesthetic considerations to ensure images remamn
visually pleasing and natural

Stevens’ power law zerves as the foundation of the
model of brightness perception According to this law, the
perceived brightness 1= a power function of the luminance.
The percetved bnizhtness_ (1), can be written as:

P =1 w
where k iz 2n exponent that dictates the rate at which
perceived brighiness incresses as lominance changes
Furthermore, the Weber fraction can be approximated as
an exponential fomction of the log-luminance The
exponent. k. can be modeled as an exponential finchion
given ax

k(D) =af™ =" 2
where o and § are parameters that regulate the maximum
valne and the steepness of k{T), respectively. The
transformation finetion for perceived brightness, (1), is
formulated as:

W(r = 1= 3)

To ensure mean-brightness preservation, the optimal
value of @ can be determined as:

_ Ini e {i1)
T = e mu
where () denotes the standard deviation of an image,
(- reprezents the mean of an image, and [ refers to the
normalized lominsnce This formulation provides an
adaptive image ephancement method that alipns with
uman visual perception, improvine image quality while
maintaining 3 natmral brightness distribotion as tlinstrated
inFig 1.

tn{oiTuil) o

(2) Given imags

Fig. 1 Compsrison of onginsl and sipmoid-enhsneed inases

(&) Sizmoid-enhanced mmags
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2.2 Block-Based Image Enhancement

Let [; ;. be animage of size L, ], k, where { represents
the heicht [ represents the width and k comesponds to
the color component incihding red, green and bloe. A
transformation matrex B is constrocted to reorganize these
components for proceszing as follows:

Iy ks Ky k-

ks ky kg kg -
ke ks ki ko - )
B by B Ky

E=

Ky
By reorganizing all color components, the enhanced
color compoment: underso  adaptive  hiztogram
equalization applied to the image, T, . which serves as
imput for contrast enhancement. The caleulation can be
expressed as:

3= £ (3,8) ©)

where J; ;(B) represents a pattern-structured image array,
and f.{-) is the adaptive histogram equalization fonction
The enhanced image can be transformed as:

7B, B=K
E,-_;-J: = FL'J'{B}, B=.EC2 m
J:;(B), B=F;

Fig 2 presents the enhanced image demonstrated in
Fiz. 1. The enhancement improves wizeal clarty and
contrast, malking finer details more dizhinguishable.

=Tl
Fig. I Enhanced imase of Fie 1 using the proposed block-bazad imaza
enhancememnt

3. Computer Simulation Results

Several hundred test image: were taken from the
LOL datazet [17] for the companson of the proposed
method with Low-Light Image Enhancement with Semi-
Decovpled Decompostion (LSDD) [14]. Fosion-based
enhancement (MF) [13], Multi-Scale Retmex (MSE) [18],
Adaptive Loganthmic Fetinex (ALR) [15]. and Adaptrve
Single Low-Light Image Enhancement (ASLLIE) [16].
The state-of-the-art methods were run with the defanit
parameters snggested by the anthors.

3.1 Objective Assessment

We utihized Lightness Order Emor (LOE), Mean
Squared Error (MSE), and Peak Signal-to-MNeise Ratio
{PSNR} for evaluation. LOE estimates per-pixel lightness
ordering errors in the Lab color model between the
enhanced imaze and the low-light imaze MSE estimates
the deviation from the enhanced image compared with the
ground truth image using the mesn of the sgquared

'“Tff‘PEs

r-u.m Sy’

ntensity errors at all pixels. PSNR estimates the power of
ﬂnfﬂphmaltmagesigualvaausthepmaﬁﬂfﬁm
disturbance present in the imapge's representation.
Bazed on the resulis of the ]_DE, the propozed method
resultz in the lowest LOE for all the images. MF and
ASTTTE methods also have comparably low LOE with
the remaining PRegarding the MSE performance the
propozed method results in the lowest MSE for all the
mage: with the lowest distortion compared to the
reference image. MFE also demonstrates competitive MSE
values, particularly in the Wok and Closet images.
Regarding the PENEL the proposad method results in the
highest PSNR for all the images with the optimal
combination of the reduction of the noize and the
preservation of the detmls. MF also resuliz in PSNE
comparable to the proposed methed, which is closely

challenzed in Ciosed and Artwork.
Table 1 Objecove evaluaton
Name | Method | LOE (1) | MSE (1} | PSNR (1) |
LEDD 4061871 | 26982580 | 13.82400 |
| MF 1056174 | 7756870 | 132339 |
o MSR 2519548 | 1.769.3168 | 134323 |
ALR | 203.2808 | 12724956 | 17.0843 |
ASLLIE | 1693194 | 10600726 | 178774
Proposed | 75.2394 | 5992004 | 20.3551 |
LiDD | 3515137 | 70086309 | 15.1031
MF 96367 | 5276742 | 209071
Clorer | MR 196.1180 | 16775868 | 13.8R40 |
g ALR 947903 | 4807487 | 19.8008 |
ASILIE | 1992636 | 15618602 | 16.1944
Proposed | 755468 | 5011262 | 211313 |
LEDD 3455060 | 2.275.2103 14.5606 |
MF 962218 | 7622293 193089 |
PR SR 405 6023 | 2. 1;14321 1¢41"5'|
ALR 1531539 | 731.8023 19.3698 |
ASIITE | 4128574 | 24552064 | 142208 |
Proposad | 88.7834 | 7235868 | 19.5359

3.2 Subjective Assessment

Although an image holds more quantitative measures
regarding other images. its subjective image quality is not
neceszanly comezpondingly higher Becanse of this; the
following section contains examples of enhanced mmages
for the subjective assessment of their imace gualitiez as
well as the companson of the characteristics of the new
approach with the traditional approach.

Fig. 3 demonstrates the enhanced images named ok,
Clozef. and Arnwork from the LOL databaze. Bazed on the
vizual assessment, LEDD and MFE methods provide
moderate brightness ephancement but lack contrast in
shadowed areas. MSE illustrates sood contrast, however,
it generatez a halo artifact ALR method rezuliz in over-
enhancement with unnatural brightness shifts, leading to
possible loss of fine details and color distortion ASILIE
improves visibility but introduces a slightly washed-out
appearance. On the other hand, the proposed method
achieves a well-balanced enhancement, maintaining
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natural colors, appropriate comirast, and. clear details
without excessive brightness amplification.

(b3 F.Ef'“rEﬂl:E {c} L5DD

14

- i
{&) MER () ALR
18] (131
Fiz. 3 Enhanced mmaszes of Wok, Closet, and Arneork from the LOL
datzbaze

4. Conclusion

In thiz stedy. we have addressed the challenges of
nop-uniform  ilfumination i low-light imagery. Cur
approach imvolves transforming an input image info the
H5V color-space and applying an  image-dependent
sigmoid-based image ephancement fonction By
adaptively adjusting the o and § parameters, we filse the
enhanced imaging components to normalized brightness
and information Forthermore, we visualize the contrast of
the color image by performing local tmage enhancement
ofi ‘a pattern-structured image array. Thiz technigue
signmificantly enhances the visual guality, effectively
preserving both contrast and brightness. simultanecusty.

Comparative evaluations aganst state-of-the-art
methods demonstrate that our introduced framework
achieves visually pleasing intrinsic components - and
outperforms . competitive methods regarding subjective
observation: and objective image gquality asseszments.
The propozed method exhibits adaptability in enhancing
images with nop-uniform illomination resulting in
natural-looking cutputs.
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